International Symposium on Negative lons, Beams and Sources (NIBS’20)
1-11 September 2020, videoconference
. 5 _’y“/';‘.“.ﬁ ~
A5 TU
iy &7 TUle
\\\5\\‘@;/ Technische Universiteit

Eindhoven
TOHOKU University of Technology

uuuuuuuuuu

Different characteristics of plasma meniscus formation
between positive and negative beam extractions

K. Nagaoka, Y. Haba, M. Kisaki, K. Takahashi, A. Ando, J. Slief,
R. Nakamoto, H. Nakano, K. Tsumori, K. lkeda, K. Miyamoto,
Y. Fujiwara, S. Masaki, E. Rattanawongnara, M. Osakabe

National Institute for Fusion Science, Nagoya University, Tohoku University,
Eindhoven University of Technology, Nagaoka University of Technology,
SOKENDAI (The Graduate University of Advanced Studies), Vrméﬂﬁm
Naruto University of Education

This study was supported by JSPS KAKENHI Grant number 17H03002 and 18KK0080, and NIFS (NIFS18ULRR702, NIFS19ULRRO031, NIFS20KLER103).




Plasma meniscus formation

Plasma meniscus is a boundary between source plasma and the beam and
constructs electrostatic lens for charged particles, which plays a crucial role for beam
focusing.
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Negative ion extraction

For negative ion extraction

* No established model even for
electron extraction. )
» Similar scaling has been obtained =
with positive ion extraction £
=> perveance dependence looks g
identical =
« Therefore, the meniscus formation ';
similar with the case of positive ion =
extraction is usually assumed. 9
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Meniscus formation mechanism

The plasma conditions are different between positive and negative

beam extraction,
=>homogeneity/production, magnetic field/magnetization, species,,

The identical mechanism of meniscus formation is NOT Negative ion meniscus
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Contribution of electrons

For the positive ion meniscus, electrons are considered to
play a role through Debye shielding and Bohm criterion

Debye shielding
kgT, Positive ion meniscus
Ap = v Source Plasma
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In order to investigate the electron contribution to the
negative ion meniscus formation, the bias voltage scan W
was performed. Extraction Grid
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Contribution of electrons

M. Kisaki+ NIBS 2020 P2

10 | | | The electron contribution to negative-ion
L om vl | meniscus formation is not identified
A Vias =93V = => Effect of magnetic field ?
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Potential Perturbation to Positive lon Source Plasma

K. Takahashi+ New J. Phys.2019
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Potential Perturbation to Positive lon Source Plasma

K. Takahashi+ New J. Phys.2019

The clear response can be only seen
in the periphery.
=> No significant effect in the core
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Response of positive ion meniscus is
considered as
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Potential Perturbation to Negative lon Source Plasma

The beamlet response to the source plasma oscillation caused by

bias voltage was investigated in the negative ion source (NIFS-NBTS).
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Potential Perturbation to Negative lon Source Plasma

Y. Haba+ Jpn J. Appl. Phys. 2020
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Potential Perturbation to Negative lon Source Plasma

Y. Haba+ Jpn J. Appl. Phys. 2020
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The beamlet width responds
=> meniscus curvature changes near the axis changes
=> different robustness from positive ion meniscus
The beamlet axis position responds
=> asymmetry of meniscus shape near the axis

Asymmetry
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Phase Space Structure

Y. Haba+ New J. Phys. 2020

The phase space structure of
negative ion beamlet was
investigated, and the different y (I Bgppm)
structures were observed between
vertical and horizontal directions.
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Phase Space Structure

. . Y. Haba+ New J. Phys. 2020 J.Slief + NIBS2020
In y direction, 2 o -
the single Gaussian beam was upper o resesel Simulation direction
identified = 1 champer (§ | FE¢
o]
g
In x direction, o A
the three components of > M centfe |
Gaussian beam were identified lower 46

_~ PG aperture

The inversely calculated beam
trajectory revealed the three
components come from three
different locations at meniscus.
The non-uniformity of negative
ion current density at the
meniscus was also indicated.
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=~ non-uniformity

Confirmed: different components,
different locations

u,, I, c [arb.units] Az [arb.units|

x [mm]

International Symposium on Negative lons, Beams and Sources (NIBS’20) 1-11 September 2020, videoconference




Summary

Plasma Meniscus
( Perveance )

Recent experiments showed that the negative ion meniscus
forms in the different way from positive ion meniscus.
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These physics pictures should be taken into account for 58
modeling of negative ion meniscus s 0 s

X [mm]

International Symposium on Negative lons, Beams and Sources (NIBS’20) 1-11 September 2020, videoconference



References

] M. Kisaki, et al., NIBS2020, P2.

] M. Kisaki, et al., Plasma Fusion Res. 13 (2018) 1205110.
] M. Kisaki, et al., Rev. Sci. Instrum., 85 (2014) 02B131.

K. Takahashi, et al., New J. Phys. 21 (2019) 093043.

Y. Haba, et al., Jpn. J. Appl. Phys. 59 (2020) SHHAO1.

] Y. Haba, et al., New J. Phys. 22 (2020) 023017.

] J. Slief, et al., NIBS2020.

N0 s WN =

Corresponding author: Kenichi Nagaoka (nagaoka@nifs.ac.jp)

International Symposium on Negative lons, Beams and Sources (NIBS’20) 1-11 September 2020, videoconference



